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Solid-state magnetometers like the Nitrogen-Vacancy center in diamond have been of paramount
importance for the development of quantum sensing with nanoscale spatial resolution. The un-
derlying protocol is a Ramsey sequence, that imprints an external static magnetic field into the
phase of the quantum sensor, which is subsequently read out. In this work we show that the hy-
perfine coupling between the Nitrogen-Vacancy center and a nearby Carbon-13 can be used to set a
post-selection protocol that concentrates valuable sensing information into a single successful mea-
surement. By considering realistic experimental conditions, we found that the detection of weak
magnetic fields in the µT range can be achieved with a sensitivity of few tens of nTHz−1/2 at
cryogenic temperature (4 K), and µTHz−1/2 at room temperature.
PACS numbers:
I. INTRODUCTION
Quantum metrology takes advantage of the quantum
properties of the system to achieve better precisions than
allowed by its classical counterpart [1]. In particular,
probabilistic quantum metrology aims to further increase
the retrievable information of a parameter by means of
a selective measurement. Inspired by the findings of
Aharonov, Albert and Vaidman [2], where a measure-
ment sequence consisting of pre-selection, weak measure-
ment and post-selection leads to an anomalous ampli-
fication of the measurement result, several theoretical
works [3–8] and experiments [9–19] have followed to ex-
plore such anomalous amplification. Nevertheless, there
remains a longstanding controversy regarding whether
probabilistic quantum metrology has practical advan-
tages over standard techniques for parameter estima-
tion [18, 20–25]. In this work, we investigate the im-
portant case of spin magnetometry with color centers in
diamond, and provide experimental parameter regimes
where probabilistic quantum metrology is expected to
succeed.
Quantum sensors, in particular solid-state magnetome-
ters like the Nitrogen-Vacancy (NV) center in diamond
have attracted widespread attention as a powerful tool at
the nanoscale [26–35]. Development of sensing protocols
and experimental techniques facilitates detection of weak
magnetic fields, featuring applications including sensing
of single protein [36], small molecules [37], single spins
[38, 39], and more recently 3D reconstruction of a nuclear
spin cluster [40].
In the following, we focus on DC magnetometry using
a single NV center. The conventional measurement is
realized by a Ramsey sequence with only the electronic
spin of the NV. Here, we consider in addition a weakly
∗Electronic address: raul.coto@umayor.cl
coupled 13C nuclear spin located nearby the NV center.
We show that by following a particular sequence involv-
ing post-selection one can achieve magnetic field sensitiv-
ity, the minimum detectable magnetic field normalized by
the total sequence time, that is comparable with Ramsey
sensitivity.
II. THEORY
The original idea proposed by Aharonov, Albert and
Vaidman [2], involves a pre-selection, a weak interaction
between the system and the meter (weak measurement),
followed by a post-selection on the system state (strong
measurement). This sequence leads to an anomalous
amplification of the meter observable, which is termed
”Weak Value Amplification” (WVA). This protocol has
been used to amplify the effect of the system-meter cou-
pling strength to further estimate this coupling constant
[3, 6, 19, 25].
In this work, we propose a protocol that follows a
similar procedure, consisting of pre-selection, system-
meter interaction and post-selection. However, instead
of amplifying the system-meter coupling strength itself,
we take advantage of this interaction and use it to en-
hance the sensitivity for sensing an external magnetic
field. We remark that the weak interaction is no longer
a requirement, and the existence of WVA is irrelavent
for our sensing protocol [41]. Here, we look for retriev-
ing more information in a single successful estimation of
the accumulated phase during the system-meter inter-
action. For convenience, we represent the initial state
preparation and final state post-selection by three uni-
tary rotations. The composite system then evolves ac-
cording to U = R1(θf )UτR1(θi)R2(α), where the op-
erator R1(φ)(R2(φ)) represents rotations of the system
(meter) for an angle φ and Uτ is the free evolution of
the system for time τ under the external magnetic field
to sense. Thus, the post-selected state will be given by
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2ρpost = 〈ψf |Uρ(0)U†|ψf 〉, and the expectation value of
the meter observable is
〈σz2〉 =
Tr2 [ρpostσ
z
2 ]
Tr2 [ρpost]
, (1)
with σz2 the Pauli z operator acting on the meter.
As a first step, we are interested in the shape of the
signal 〈σz2〉 that can be tuned by parameters {α, θi, θf}
and the free evolution time τ . This particular feature
will be our starting point to enhance the magnetic field
measurement, since it allows us to set the optimal interro-
gation time. Moreover, this enhancement is independent
of WVA.
In the next section, we will show how this protocol
can be implemented efficiently with a two-spin system in
diamond at cryogenic temperature. The low temperature
allows us to perform single-shot readout, which improves
the signal-to-noise ratio. We will also discuss the scenario
where the protocol is performed at room temperature.
III. THE MODEL
Consider a concrete bi-partite system model given by
an electronic spin-1 (S = 1) of a negatively charged
Nitrogen-Vacancy center (NV−) and a nearby nuclear
spin-1/2 (I = 1/2) of a Carbon-13 (13C ), as illustrated
in Fig. 1 (a).
 
ms mI
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FIG. 1: (a) The electronic spin of a negatively charged
NV center interacts with a nuclear spin corresponding to a
Carbon-13. (b) Energy levels and relevant transitions. (c)
Sequence for both electronic and nuclear spins.
The ground state of the NV− is a spin triplet labelled
by the spin quantum number ms = 0,±1 (S = 1). An
external magnetic field Bz along the N-V axis (z-axis)
induces Zeeman energy splitting between the spin sub-
levels ms = +1 and ms = −1 and lifts their degeneracy.
The 13C is hyperfine coupled to the NV−center, yielding
the system Hamiltonian (~=1)
H0 = DS
2
z+γeSz(Bz+B)+γcIz(Bz+B)+SzAzzIz, (2)
where D/2pi = 2.87 GHz is the zero-field splitting of the
NV− center, γe/2pi ≈ 2.8 MHz/G, and γc/2pi ≈ 1.07
kHz/G are the gyromagnetic ratios of the electron and
13C nuclear spins, respectively. B is the small magnetic
field to detect and Azz is the hyperfine coupling strength.
We choose a weakly coupled 13C nuclear spin aligned
close to the N-V axis, such that its anisotropic hyperfine
coupling terms such as Azx are small and thus neglected
here.
To further simplify the analysis, we focus on the 2-level
submanifold {|0〉(ms = 0), |1〉(ms = −1)} for the elec-
tronic spin of the NV−, while for the 13C we consider the
complete basis |↑〉 (mcI = +1/2) and |↓〉 (mcI = −1/2). In
Fig. 1 (b) we show the energy levels of our configuration,
indicating the relevant transitions with blue solid lines.
In order to manipulate the energy sublevels depicted
in Fig. 1 (b), we apply a series of microwave (MW) and
radiofrequency (RF) pulse sequences (square pulses) that
result in the total Hamiltonian in a multi-rotating frame
H˜ =
1
2

γcB Ω
c
0 Ω
e 0
Ωc0 −γcB 0 Ωe
Ωe 0 2δ↑1 0
0 Ωe 0 2δ↓1
 , (3)
where Ωe and Ωc0 are the Rabi frequencies of the MW
and RF fields acting on the electron and nuclear spins,
respectively. δ↑1 = −γeB − Azz/2 + γcB/2 and δ↓1 =
−γeB + Azz/2 − γcB/2. For more details of the Hamil-
tonian and the rotating frame see Appendix A.
In what follows, we describe our protocol that is rep-
resented in Fig. 1 (c), taking the electronic spin of the
NV−as the system and the 13C nuclear spin as the me-
ter. First, the bi-partite system is initialized to the state
|Ψi〉 = |0〉 ⊗ |↓〉. Efficient nuclear spin initialization has
been demonstrated in Refs. [43–47]. Second, we prepare
the 13C nuclear spin in a coherent superposition state
|0〉 ⊗ (cos(α/2) |↑〉 + sin(α/2) |↓〉) via the RF field (Ωc0).
Third, a strong MW pulse rotates the NV−electronic spin
by an angle θi which is independent of the
13C nuclear
spin state, yielding
|Ψpre〉 = (cos(θi/2)|1〉+ sin(θi/2)|0〉)
⊗ (cos(α/2) |↑〉+ sin(α/2) |↓〉). (4)
We will refer to Eq. (4) as the pre-selected state and
it serves two goals in the sensing protocol: firstly, it ac-
quires a phase proportional to B, directly contributing to
the magnetometry. Additionally, it enables the interac-
tion between the 13C and the NV− that is fundamental
for probabilistic quantum metrology and the enhance-
ment of the sensitivity. Next step, we let the system
evolve for an interrogation time τ , leading to
3|Ψ1〉 = cos(θi/2) cos(α/2)e−iδ
↑
1τ |1〉 ⊗ |↑〉
+ cos(θi/2) sin(α/2)e
−iδ↓1τ |1〉 ⊗ |↓〉
+ sin(θi/2) cos(α/2)e
−iγcBτ/2|0〉 ⊗ |↑〉
+ sin(θi/2) sin(α/2)e
iγcBτ/2|0〉 ⊗ |↓〉 . (5)
Finally the system is post-selected upon NV− in a tar-
get state |ψf 〉 = cos(θf/2)|1〉+sin(θf/2)|0〉. This process
is illustrated in Fig.1-(c). In sensing a weak magnetic
field B, we have γcBτ  1. Therefore the post-selection
leaves the nuclear spin in the state
|φ¯post〉 = cos(α/2) cos(θf/2) cos(θi/2)e−iδ
↑
1τ |↑〉
+ cos(α/2) sin(θf/2) sin(θi/2) |↑〉
+ sin(α/2) cos(θf/2) cos(θi/2)e
−iδ↓1τ |↓〉
+ sin(α/2) sin(θf/2) sin(θi/2) |↓〉 . (6)
The above state needs to be normalized, such that
|φpost〉 = |φ¯post〉/
√
Ps, where Ps is the probability of hav-
ing a successful post-selection,
Ps =
1
2
[1 + cos(θf ) cos(θi)] +
sin(θf ) sin(θi)
2
×
[
cos2(α/2) cos(δ↑1τ) + sin
2(α/2) cos(δ↓1τ)
]
. (7)
The final signal is proportional to
〈Iz〉 = 1
4Ps
[1 + cos(θf ) cos(θi)] cos(α)
+
sin(θf ) sin(θi)
4Ps
(8)
×
[
cos2(α/2) cos(δ↑1τ)− sin2(α/2) cos(δ↓1τ)
]
.
At cryogenic temperature (4 K), the combination of
single-shot readout (SSR) of the NV−electron and a nu-
clear spin controlled CNOT gate on the electronic spin
enables SSR of the nuclear spin to directly measure 〈Iz〉.
SSR on the NV−reaching > 96% fidelity takes 3.7µs [48].
A nuclear spin controlled CNOT gate is in principle lim-
ited in speed only by the hyperfine interaction strength,
which gives correspondingly a few to a few tens of mi-
croseconds [49, 50].
We now compare the signal obtained in Eq. (8) to the
simple case of Ramsey spectroscopy (pi/2)x − τ − (pi/2)x
considering a single spin, the NV−electronic spin. The
Ramsey signal follows 〈Sz〉R = 1/2−cos(γeBτ)/2. Notice
that our protocol shares a common ground with the Ram-
sey technique when sensing DC magnetic field as phase
estimation. Furthermore, when the nuclear spin related
part is removed, our protocol converges to the conven-
tional Ramsey sequence with θi = θf = pi/2. Neverthe-
less, our protocol employs a more elaborate procedure in-
volving the additional nuclear spin, allowing further gain
in standard deviation via the post-selection process at
shorter times (Fig. 2 (b)). To emphasize the role of post-
selection, we analyze the case where no post-selection is
carried out. Since 〈Iz〉 = cos(α)/2 carries no information
about the magnetic field in this case, we calculate the
expectation value of Ix instead:
〈Ix〉 = sin(α)
(
cos2(θi/2) cos((Azz − γcB)τ) + sin2(θi/2)
)
.
(9)
This brings no benefits as compared to the simpler
case achieved with a single spin by the Ramsey sequence
because the nuclear spin itself is not a sensitive magne-
tometer. It is the post-selection that allows us to imprint
the phase information into the nuclear spin, in such a way
that variations of the post-selected angle θf calibrates the
amount of information extracted from the measurement
process [5].
IV. RESULTS
The magnetic field sensitivity is defined as the mini-
mum detectable magnetic field normalized by the total
sequence time [28]. The minimum detectable magnetic
field is found through the standard deviation ∆B [30, 32],
∆B =
∆Iz
|∂〈Iz〉/∂B| , (10)
where ∆Iz =
√
〈Iz2〉 − 〈Iz〉2 is the standard deviation of
the signal from the 13C nuclear spin.
Clearly, in order to increase the sensitivity, we need a
sharp response of the signal 〈Iz〉 to B through the post-
selection process. To begin with, we fix B = 10−2 G
and for convenience, we choose both spins initially pre-
pared in a superposition state with α = θi = pi/2 and the
post-selected state to be parallel to the pre-selected elec-
tronic spin state θf = pi/2. Without loss of generality,
we consider Azz = 500 kHz. We can simplify the signal
in Eq. (8) with these parameters
〈Iz〉 = −
sin
(
Azzτ
2
)
sin(Bγeτ)
2
(
cos
(
Azzτ
2
)
cos(Bγeτ) + 1
) . (11)
Azz contributes in two ways. Explicitly, it conduces
to oscillations in the signal (11). Implicitly, it sets the
upper limit of the 13C nuclear spin control speed due to
power broadening. As a result, stronger hyperfine cou-
pling reduces the required nuclear spin gate time, and
decreases the total sensing time of the protocol.
In Fig. 2 (a) we show the behavior of 〈Iz〉 as a function
of the interrogation time τ . Notice the region around τ =
2 µs where the signal is sharp. We numerically found that
the optimal interrogation time is close to the extreme
values of 〈Iz〉. The price to pay is a lower probability
of successful post-selection (Ps). This trade-off between
the signal gain and the probability of success is common
in protocols that rely on post-selection, as stated in the
4field of weak value amplification [2, 20]. Consequently,
many trials are required for the successful post-selection.
Interestingly, even when outcomes are discarded, there
is valuable information in the post-selection’s statistics
that can be used [20, 25], given that Ps in Eq. (7) is a
function of B.
(a)
(b
FIG. 2: (a) Varying the interrogation time τ we are able to
strongly modify the nuclear spin signal 〈Iz〉. Parameters are
α = θi = θf = pi/2, B = 10
−2 G. (b) The standard deviation
of the magnetic field ∆B obtained from the post-selection
(black-solid) has been improved as compared with the one
obtained from Ramsey spectroscopy (blue-dashed), allowing
high precision measurements. Values are taken at τ = 2.2 µs
with a successful post-selection probability of 6%.
In Fig. 2 (b), we show the minimum detectable field
allowed in our protocol obtained from Eq. (10). One ob-
serves from the plot that our protocol constitutes a better
route than the Ramsey sequence towards minimizing ∆B
at short interrogation time (τ), and this time is close
to the coherence time of most NV centers. Therefore,
concentrating valuable sensing information into a single
successful measurement by post-selection provides a com-
petitive approach for improving the minimum detectable
magnetic field in a parameter range of interest.
The standard deviation ∆B does not take into account
the number of failed post-selections, which increases the
total time for the experiment. Hence, we now char-
acterize our sensing protocol using the sensitivity (η)
[28, 30, 32],
η = ∆B
√
tm, (12)
where tm is the total sequence time consisting of ini-
tialization, interrogation and measurement, and includes
those in failed post-selections. tm = N(ti + τ + tp) + tr.
The factor N = 1/Ps accounts for the average trials of
the experiment for one successful post-selection. The ini-
tialization (ti = 6 µs) and measurement times are usually
fixed in a sequence, making the sensitivity dependent on
the interrogation time. We split the measurement time
for a single run into the post-selection time tp (NV
− read-
out) and 13C readout time tr. Firstly, we focus on the low
temperature regime, 4 K, where we can perform single-
shot readout of the NV− electronic spin (tp = 3.7 µs [48])
and 13C nuclear spin (tr = 5.7 µs [50]).
The interrogation time τ is limited by transverse re-
laxation of the magnetometer, given by the characteristic
time T ∗2 of the NV
−electronic spin. This relaxation pro-
cess (T ∗2 ) for naturally occuring NV
−electronic spins in
a natural abundance diamond sample is typically around
a few microseconds [17], and it could be significantly in-
creased in an isotopically purified sample [33]. It has been
reported that in a 99.99% spinless 12C diamond sample, a
coherence time T ∗2 = 470±100µs has been achieved [49],
while about 10% of all NV−still exhibits nearby 13C ’s.
We model this pure dephasing process with the following
Markovian master equation,
dρ
dt
= −i[H˜, ρ] + Γ(2SzρSz − S2zρ− ρS2z ), (13)
that introduces an exponential decay exp(−Γt) on the
off-diagonal elements of ρ, with Γ = 1/T ∗2 . More general
non-Markovian magnetic noise can be modelled using a
stochastic interaction ruled by the Ornstein-Uhlenbeck
(OU) statistics [51]. For instance, this noise has been
observed in samples with high density of paramagnetic
nitrogen centers (P1 centers) [52–54]. We discuss this
case in Appendix B.
For further comparison, once again we use the Ram-
sey sequence for reference, where the total sequence time
reduces to tm = ti + τ + tp, with ti = 1 µs and tp = 3.7
µs.
In Fig. 3, we show the sensitivity for both Ramsey
and post-selection protocol as a function of transverse
relaxation time T ∗2 . We consider a weak magnetic field
B = 10−2 G and α = θi = θf = pi/2. Each value of sen-
sitivity was taken at the optimal interrogation time (τ).
For long relaxation times T ∗2 , the sensitivity decreases
(improves), and post-selection performance is compara-
ble to Ramsey, with the latter being slightly better. As
T ∗2 decreases, the sensitivity of both magnetometers de-
teriorates, and for a suboptimal scenario T ∗2 . 7 µs post-
selection remains competitive. It is worth noticing that
Ramsey’s optimal interrogation time is always greater
than the one for post-selection.
5Post-selection(13C)
Ramsey
Post-selection(15N)
FIG. 3: Sensitivity as a function of the transverse relaxation
T ∗2 . The interrogation time τ is optimized for each point.
Even when T ∗2 deteriorates the magnetometer, post-selection
protocol remains comparable with Ramsey sequence. The
total time for post-selection implemented with a 13C (15N ) is
tm = N(ti+τ+tp)+tr, with ti = 6 µs (ti = 1 µs), tp = 3.7 µs,
tr = 5.7 µs (tr = 4.2 µs) and N = 1/Ps(τ). The total time
for Ramsey is tm = ti+τ + tp, with ti = 1 µs and tp = 3.7 µs.
The other parameters are the same as in Fig. 2.
So far we have considered the small magnetic field
B = 0.01 G. In Appendix C we show that increasing
the magnetic field up to B = 1 G makes no significant
difference from the case discussed above.
We remark that the setting of our protocol, that is the
NV center coupled to a nearby 13C , is very versatile.
For instance, the 13C can provide different functionali-
ties such as the quantum memory [55, 56], the ancillae
in quantum error correction [42, 43, 57], or the computa-
tional qubit itself [47]. In particular, recent works have
taken advantages of the long coherence time of 13C nu-
clear spin and use it as a quantum memory to extend
the interrogation time or refocus static noise [31, 58].
All these functionalities, together with the post-selection
protocol presented here, make the composite NV-13C sys-
tem an ideal playground for exploring quantum informa-
tion applications in a small scale.
Hereafter, we consider the T ∗2 of naturally occuring
NV−electronic spins, T ∗2 = 7 µs [17]. In addition, we
take into account the readout inefficiency by introducing
a factor C ≤ 1 and defining the sensitivity as ηC = η/C
[28, 29, 32]. Assuming ideal single-shot readout, this fac-
tor approaches to unity. Therefore, we can roughly esti-
mate the sensitivity of our magnetometer for an optimal
interrogation time τ = 2.9 µs to be η = 16.1 nTHz−1/2
(C = 1). For a non-ideal scenario (C = 0.707 [28]) we
get ηC = 22.8 nTHz
−1/2.
At room temperature, the process is more challenging.
Here, a high magnetic field is generally required (Bz >
2000 G) [59] and also the presence of an auxiliary spin
to perform repetitive readout for the post-selection. To
accomplish this goal we also include the Nitrogen nuclear
spin (14N or 15N ), and single-shot readout of the NV is
achieved by firstly mapping it to the Nitrogen and then
readout the nuclear spin. Considering 2000 repetitions
we obtain tp = 5 ms [59] and tr = 8 ms [50], leading to
ηC = 0.6 µTHz
−1/2.
At cryogenic temperature (4 K), the protocol can be
slightly improved by replacing the 13C meter by a native
Nitrogen-15 (15N ) [60]. The 15N nuclear spin−1/2 is
always present for the particular defect (NV−), which
allow us to make the protocol universal. Moreover, it
only has isotropic hyperfine coupling Azz = 3.03 MHz,
that is stronger than the 13C coupling (Azz = 500 kHz),
and thus enables faster nuclear spin gates. In Fig. 3 we
show the sensitivity using the 15N . Thanks to shorter
initialization and gate times, the sensitivity with 15N is
improved from that with 13C . It performs better in the
suboptimal regime (short T ∗2 ) and is closer to Ramsey for
long relaxation times.
V. CONCLUSIONS
In summary, we have presented a new experimentally
feasible protocol based on post-selection to estimate a
weak magnetic field. The information of the field is stored
in the relative phase acquired by the electronic spin of
a NV− center that is coupled to a nearby 13C nuclear
spin. Using this protocol, the information regarding the
magnetic field is focused on a single successful measure-
ment, a scenario that have been exploited in experiments
with weak value amplification. Taking into account real-
istic conditions of losses and readout inefficiencies, we
found that post-selection protocol is comparable with
Ramsey in sensitivity in a wide range of transverse re-
laxation time T ∗2 . At cryogenic temperature (4 K) the
expected sensitivities are around 16 nTHz−1/2, which is
in the range of attainable sensitivity for a single spin sen-
sor [30]. We found that decreasing further initialization
and gate times improves sensitivity, as shown in the case
of native 15N nuclear spin. In addition, at room tempera-
ture the most limiting factor is the number of repetitions
for the readout of the 13C . This could be improved by
using Bayesian estimation [61]. Moreover, 13C introduces
functionalities such as the quantum memory or the ancil-
lae to implement error correction. Finally, this protocol
is suitable for decreasing the required interrogation time
(τ) below the one needed to achieve the same sensitivity
with a Ramsey sequence, by appropriately choosing the
parameter regime.
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Appendix A: Multi-Rotating Frame
The total Hamiltonian is given by
H = DS2z + γeSz(Bz +B) + γcIz(Bz +B) + SzAzzIz
+
√
2ΩeSx cos(ωet) + 2Ω
c
0Ix cos(ωc) (A1)
= DS2z + γeSz(Bz +B) + γcIz(Bz +B) + SzAzzIz
+
√
2Ω
e
2 S
+e−iωet + 2Ω
c
0
2 I
+e−iωct + h.c., (A2)
where Ωe and Ωc0 are the Rabi frequencies of the elec-
tronic and nuclear spin transitions, respectively. S+ =
Sx + iSy, I
+ = Ix + iIy and Si(Ii) are the electron (nu-
clear) spin-1 (-1/2) operators. In a rotating frame de-
fined by the unitary operator V = exp[−i(ωeSz+ωcIz)t],
the transformed Hamiltonian H˜ = V †HV + i(dV †/dt)V
reads
H˜ = (DS2z +DSz) + γeBSz + γcBIz + SzAzzIz
+
√
2Ω
e
2 Sx + 2
Ωc0
2 Ix. (A3)
Here we have taken ωe = −D + γeBz and ωc = γcBz.
The transformed Hamiltonian can be explicitly written
in a matrix form as
H˜ =
1
2

Azz + 4D + (2γe + γc)B 0 0 0 0 0
0 −Azz + 4D + (2γe − γc)B 0 0 0 0
0 0 γcB Ω
c
0 Ω
e 0
0 0 Ωc0 −γcB 0 Ωe
0 0 Ωe 0 −Azz + (γc − 2γe)B 0
0 0 0 Ωe 0 Azz − (γc + 2γe)B
 .
(A4)
We now obtain the desired Hamiltonian in the ms =
0,−1 manifold by truncating this matrix. This leaves us
H˜ =
1
2

γcB Ω
c
0 Ω
e 0
Ωc0 −γcB 0 Ωe
Ωe 0 2δ↑1 0
0 Ωe 0 2δ↓1
 , (A5)
where δ↑1 = −γeB −Azz/2 + γcB/2 and δ↓1 = −γeB +
Azz/2− γcB/2.
Appendix B: Stochastic Noise
Non-markovian magnetic noise can be described us-
ing the following stochastic Hamiltonian ruled by the
Ornstein-Uhlenbeck (OU) statistics (~ = 1)
Hnoise(t) = γeB(t)Sz, 〈B(t)〉 = 0, (B1)
〈B(t)B(t′)〉 = B2se−|t−t
′|/τc ,
where γe is the electron gyromagnetic ratio, B(t) is
the stochastic magnetic field, Sz is the spin operator for
S = 1, Bs =
√〈B(t)2〉 is the magnetic field intensity,
and τc is the correlation time of the OU noise. It is
clear that Hnoise(t) commutes with the system Hamilto-
nian (NV−and 13C ) Hs = γeBSz + γnBIz + SzAzzIz.
Therefore, the time evolution of the system can be
obtained through the application of the time evolu-
tion operator U(t) = Unoise(t)Us(t). Here, Unoise(t) =
exp
(
−i ∫ t
0
Hnoise(τ) dτ
)
and Us(t) = exp (−iHst). The
magnetic noise can be generated using the recursive for-
mula [53, 62]
B(t+ dt) = B(t)e−dt/τc +
[cτc
2
(
1− e−2dt/τc
)]1/2
n,
(B2)
where dt > 0 is the time step, n is a normal random
variable with mean value 0 and variance 1, and c can
be written in terms of the transverse relaxation time T ∗2
as c = 4(T∗2 )2τc
[51]. We note that the spin-bath inter-
action is intrinsically non-Markovian with a correlation
time τc. However, for evolution times t τc, the Markov
approximation is valid, and the Lindblad super-operator
associated with the stochastic Hamiltonian is given by
ρ˙ = Lmarkov[ρ] = γ
[
SzρS
†
z −
1
2
{SzS†z , ρ}
]
, (B3)
where Lmarkov[ρ] is a pure-dephasing dissipation channel
and γ = 4τc/(T
∗
2 )
2 is the dephasing rate. In Fig. 4 (a)-
(c), we show the signal 〈Iz〉 in the presence of an OU noise
using both a stochastic approach and Markovian approx-
imation. We have used a range of correlation times for
a system with T ∗2 = 20 µs. We note that systems with
T ∗2  τc are reasonably well described by the Markovian
approximation, which is the case for the present work.
Systems with a large memory time are beyond the scope
of the proposed protocol. In such a case, a more com-
plex envelope effect disturbs the signal 〈Iz〉. For instance,
7samples with high density of paramagnetic nitrogen cen-
ters, termed as P1 centers [52–54], exhibits a correlation
time τc = 13 µs and transverse relaxation time of few
microseconds. In Fig. 4 (d) we show the sensitivity as
a function of the interrogation time (τ) and observe a
similar behavior as compared to the case modeled in the
main text.
(a) (b)
(c) (d)
FIG. 4: (a)-(c) 〈Iz〉 for fixed T ∗2 = 20 µs and B = 0.01 G,
for correlation times τc = 4, 10, 16 µs, respectively. The red
and blue curves are the Markovian approximation and non-
Markovian OU noise, respectively. (d) Sensitivity consider-
ing only Ornstein-Uhlenbeck noise in a highly non-Markovian
regime.
Appendix C: Varying Magnetic Field
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FIG. 5: Magnetic field sensitivity in the range of 10−2 − 100
G, for τ = 3.2 and τ = 3.0 µs, and no losses.
In this section we show the variation of the sensitivity
(η) to detect the magnetic field as a function of the mag-
nitude of the field, for fixed interrogation times. In Fig. 5,
the sensitivity remains constant (η = 9.7 nTHz−1/2) for
τ = 3.0 µs, while for τ = 3.2 µs it exhibits oscilla-
tions. The magnetic field have been tuned in the range
10−2−100 G. Then, we can conclude that our protocol is
suitable in a wide range of weak magnetic field sensing.
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